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XB-70 


Moclel  characteristics,  flutter  speeds,  frequencies, 
test  conditions  and  other  data  pertinent  to  flutter  evalua-» 
tlon  of  the  B-70  configurations  under  consideration  are 
herein  presented.  The  data  accumulated  have  been  used  to 
specify  stiffness  levels  required  to  prevent  flutter  of 
the  XB-70  Air  Vehicle. 


FOREWORD 


The  data  presented  in  this  report  were  compiled  during 
March  1,  1958  to  May  20,  i960  as  a  part  of  flutter  develop¬ 
ment  xmder  Contract  No,  AF  33(600)-38669.  This  flutter 
model  test  analysis  report  is  submitted  in  accordance  with 
page  23,  item  6,  paragraph  4  of  Appendix  C  of  Contract 
AF  33 (600) -38669,  This  report  was  prepared  by  R.  W.  Beckman 
and  H.  K.  Arnold, 
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MOOCLNO.  XB-70 

SUMMARY 


AnSLlyses  of,  and  conclusions  reached,  from  all  XB-70 
flutter  model  tests  conducted  during  the  period  1  March 
1958  thj?ovigh  20  May  i960  axe  presented.  The  unusiially  low 
sea  level  mass  ratios  of  the  XB-70  A/V  necessitated  exten¬ 
sive  use  of  low  density  styrofoam  In  the  model  fabrication. 
These  low  mass  ratios  also  lead  to  problems  with  oscillatory 
flow  characteristics  of  the  North  American  Low  Speed  Tunnel 
(NAAL)  and  showed  the  necessity  of  tunnel  modifications  to 
Improve  the  flow  prior  to  further  tests  of  complete  XB-70 
models . 

A  flutter  boundary  through  the  subsonic  and  transonic 
range  has  been  obtained  for  the  vertical  stabilizer  and  the 
results  used  to  specify  hinge  point,  actuator  and  vertlcad 
stabilizer  stiffness  requirements.  Low  speed  flutter  model 
data  on  the  canard  have  shown  that  the  most  critical  con¬ 
dition  is  with  the  flaps  unlocked;  the  test  results  have 
been  used  to  specify  flap  actuator  stiffness  and  flap  stiff¬ 
nesses  (both  locked  and  unlocked  conditions),  canard  root 
stiffness,  canard  stiffness,  and  to  specify  the  requirement 
for  a  flaps  locked  indication  to  the  pilot.  Subsonic  and 
transonic  test  data  of  the  wing  have  been  used  to  specify 
wing  stiffness  and  wing  fold  stiffness  requirement;  the 
test  results  show  that  for  the  stiffness  specified  the 
minimum  flutter  margins  are  to  be  expected  at  sea  level 
transonic  speeds . 
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SUSPENSION  SYSTEM  AND  .03  SCALE  COMPLETE  MOOKL 


The  purpose  of  this  test  was  to  evaluate  a  new  spring 
suspension  system  designed  for  testing  complete  flutter  models. 
The  results  of  fourteen  runs  varying  the  elastic  aocis  of  the 
suspension  system  with  respect  to  c.g.  of  the  model  indicated 
tliat  the  suspension  system  would  adequately  perform  the  desired 
function. 

The  suspension  system  was  designed  on  the  following  assump¬ 
tions: 

translation  =  1.7  cps 

rotation  =  2.12  cps 

roll  no  requirement 

The  model  mass  parameters  assumed  were  as  follows; 

M  =  .033^  Ib-ln-lsec.^ 

^pitch  =’5.63  lb-in-sec.2 

^yaw  “  6.3^  lb— in— sec. 

^roll  ~  .863  Ib-in-eec,^ 

The  suspension  system  stiffness  requirements  were  then; 

^translation  3 • 77  1 b/ln . 

^rotation  ^0°*^  in-lb/rad. 

To  meet  the  above  stiffness  requirements  six  springs  with 
a  spring  constant  of  5.38  Ibs/in.  were  selected,  A  diagram  of 
the  suspension  system  set-up  is  shown  in  Figure  1. 

The  .03  scale  complete  model  represented  external  geometry, 
mass,  c.g.,  and  inertia  about  three  axis  of  a  "rigid"  -127  con¬ 
figuration  at  sea  level.  The  measured  frequencies  of  model  rigid 
body  modes  are  as  follows; 
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Various  root  stiffness  magnitudes  were  investigated  using  ] 
a  .10  scale  spindle  type  vertical  tall  for  the  -172  configur¬ 
ation  at  sea  level. 

The  model  was  constructed  of  solid  styrofoam  whose  thick¬ 
ness  at  any  point  in  the  planform  simulated  full  scale  bending 
stiffness.  The  model  was  ballasted  for  sea  level  conditions , 

The  root  stiffness  In  pitch  and  roll  were  simulated  over 
a  range  of  stiffnesses  by  means  of  springs.  The  roll  spring 
consisted  of  a  square  shaft  attached  at  one  end  to  the  lower 
portion  of  the  vertical  tall  and  free  to  be  clamped  at  the  other 
end  so  that  the  effective  length  of  the  spring  could  be  varied. 
The  yaw  springs  were  sets  of  two  coil  springs,  each  set  of  the 
same  spring  constant,  which  attached  to  the  lower  part  of  the 
vertical  tail. 

The  results  of  the  flutter  test  and  shake  test  are  shown 
on  Figure  2.  For  any  given  roll  stiffness,  an  increase  In 
pitch  Ltlffness  gave  an  increase  in  flutter  speed;  for  a  constant 
pitch  stiffness,  an  increase  in  roll  stiffness  gave  an  increase 
in  flutter  speed.  The  pitch  stiffness  affects  the  flutter 
speed  to  a  larger  degree  than  the  roll  stiffness.  For  this 
vertical  stabilizer  configuration,  a  pitch  stiffness  greater 
than  20,200  in-lb/rad  and  a  roll  stiffness  greater  than  22,600 
in-lb/rad  are  required  to  give  a  sufficiently  high  flutter  speed. 


A  styrofoam,  .06  geometric  scale  and  .233  speed  scale, 
cantilevered  model  of  the  -172  configuration  of  the  outboard 
vertical  stabilizer  was  flutter  tested  in  the  WSC  7  3/^  K  , 

foot  low  speed  atmospheric  wind  tunnel.  Shake  test  and  f^lutter 
test  results  are  shown  on  Figure  3.  ^  ^ 

■  / 

No  root  flexibilities  were  simulated  in  the  model.  However, 
the  flutter  point  obtained  provided  useful  information  on  non- 
dimensional  stiffness  requirements  for  the  planform. 
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To  investigate  the  interaction  of  wing  and  the  vertical  ' 
tall,  a  model  simulating  the  -172  configuration  was  flutter  ( 
tested  in  the  WSC  7  3 A  x  11  foot  low  speed  atmospheric  wind , 
tunnel. 

The  cantilevu"'  mounted  styrofoam  model  of  .06  geometric  scale 
and  a  speed  scale  .Jj3>  was  tested  with  the  wing  empty  and  full 
of  fuel.  Before  each  of  the  actual  flutter  tests,  a  shake  test 
was  conducted  to  aetermlne  natural  frequencies  and  node  lines.  • 
The  results  of  these  tests  are  shown  on  Figure  4  through  Figure 
8.  Prom  the  flutter  tests  of  the  model,  it  may  be  concluded 
that  the  empty  wing  has  a  lower  flutter  speed  than  the  full  wing. 
Comparing  the  results  of  this  test  with  those  on  the  vertical 
stabilizer  only,  the  flutter  mode  encountered  was  primarily  a 
wing  mode  rather  than  a  vertical  stabilizer  mode.  i 
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flUTTER  SPCED-mph 

WITH  VERT  stab 

WITHOUT  VERT  STAB 

FUEL  LOADIKIC 

FUEL  LOADING 
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Various  fuel  and  ballast  loadings  were  Investigated  using 
a  .06  scale  model  of  the  wing  cantilever  mounted.  The  fuel  ■. 
loadings  tested  were;  level,  forward,  aft,  outboard, and  inboard 
for  0,  25,  50,  75  and  100  per  cent  of  full  fuel  load.  ^ 

The  model  was  constructed  of  solid  styrofoam  scaled  to  a  * 

.06  geometric  scale  and  a  .233  speed  scale.  Holes  were  drilled 
into  the  styrofoam  so  that  the  weights  appropriate  to  the  Ipading 
condition  could  be  inserted.  The  model  was  cantilevered  from 
the  floor  of  the  WSC  7  SA  x  11  foot , low  speed, atmospheric  .wind 
tunnel.  A  shake  test  of  each  condition  was  conducted  prior'  to  , 
flutter  testing.  • 

After  the  flutter  test  was  completed  on  all  loading  con¬ 
ditions  of  Interest  attempts  were  made  to  obtain  destructive 
flutter  for  the  critical  points.  The  tip  of  the  model  was 
broken  off  in  the  empty  condition  while  raising  the  flutter  ^peed 
from  175  to  182  mph.  The  flutter  was  primarily  of  second  bend¬ 
ing  type .  These  tests  show  a  general  trend  of  the  flutter  speed 
to  increase  with  increase  in  fuel  loading. 
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^  attempts  to  OBTAIK  DESTRUCTIVC  flutter,  all  OTMLk  POINTS  APPEARED 
VERY  CLOSE  TO  SUSTAINED  FLUTTER. 
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Required  stiffness  levels  were  Investigated  at  sea  iVvel^ 
15*000  feet*  and  30,000  feet  for  various  hinge  rotational*' stiff¬ 
ness  levels  at  60ji  and  795^  wing  semi-span, 

The  .0€  geometric  scale  model  with  a  speed  scalle  of  ,233 
was  constructed  of  solid  styrofoam.  At  the  60%  and  '795^.9^®! “ 
span  positions,  rotational  springs  of  the  following  'stiffnesses 
were  installed  i  ? 


Stiffness  in  In-lh/rad  x  10*^ 


60ji  Fold  Line 
7^  Fold  Line 


255< 

.781 

.1201 


1.561 


75^ 

2,342 

.3602 


,  1005!  ’  I 

3.112  ; 

480^ 


The  model  was  ballasted  for  the  empty  sea  level  condition.  * 
To  simulate  altitude.  Incremental  ballast  was  added  to  the  empty 
sea  level  model.  VJhlle  the  stiffness  was  being  investigated  at 
one  hinge  position,  the  other  hinge  was  maintained  at  the  100^ 
stiffness  level.  The  lOOjK  stiffness  level  corresponds  to  that 
existing  if  the  structure  were  continuous  across  the  hinge. 

The  natural  frequencies  and  node  lines  of  the  Tlrst  three 
or  four  modes  were  determined  before  actual  flutter  testing  the  ^ 
model  In  the  WSC  7  3/4  x  11  foot  low  speed  atmospheric  wind 
tunnel  at  sea  level  density.  The  flutter  margin  was  shown  to  be 
adequate  in  all  runs*  with  the  flutter  speed  being  relatively  , 
insensitive  to  fold  stiffness,  fold  position,  or  tip  deflection, 
and  increasing  with  altitude  more  rapidly  than  a  constant  q. 
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.10  SCALE  TRANSONIC  WING 


This  transonic  flutter  model  test  was  conducted  to  deiton- 
strate  an  adequate  flutter  margin  at  M  »  .95. 

The  cantilevered  l/LO  model  of  the  -127  configuration  was 
constructed  with  4.5  Ihs/ftS  styrofoam  filler  between  laowo^d 
spars  euad  covered  with  thin  sheets  of  aluminum.  The  control  I 

surfaces  were  not  free  to  rotate.  The  model  was  ballasted  to 
simulate  full  scale  eit^ty  weight  distribution.  A  shaJce  test  of  | 
the  model  was  conducted  to  determine  natural  frequencies  and 
node  lines  of  the  first  three  modes. 

Flutter  was  not  obtained  but  the  model  trailing  edge  was 
damaged  due  to  flow  reversal  at  tunnel  shutdown.  After  repair-  i 
ing  the  model,  and  eliminating  flow  reversal  by  allowing  the  i 

valve  to  remain  open  vintil  all  of  the  pressurized  air  was  expended,] 
very  large  margins  were  demonstrated  without  encountering  flutter.  | 
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This  high  speed  flutter  model  test  was  conducted  to  deiaon- 
strafce  an  adequate  flutter  margin  at  M  =  3.0. 

The  cantilevered  1/10  model  of  the  -127  configuration  was 
conatxnicted  with  3  Ibs/ftS  styrofoam  filler  between  isowood  spars 
and  covered  with  thin  aluminiun  sheets.  The  model  was  ballasted 
to  simulate  the  full  scale  en^ty  weight  distribution.  The  control 
surfaces  were  not  free  to  rotate.  A  shake  test  of  the  model  was 
made  to  determine  natural  frequencies  and  node  lines  of  the  first 
three  modes. 

Flutter  was  not  obtained  but  the  model  was  destroyed  as  a 
result  of  tvinnel  starting  loads. 
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♦10  SCALE  SUBSONIC  WINQ 


This  low  speed  flutter  model  test  was  conducted  to  libves-  j 

tlgate  the  variation  cf  flutter  speed  with  the  following  flara-  i 

meters:  stiffness  about  the  605^  semi-span  fold  line;  fuel 
loading;  and  tip- deflection  about  the  605<  semi-span  fold  line.  i 

i 

The  solid  stsrrofoam  model  of  .1  geometric  scale  and  vl66 
speed  scale,  was  cantilever  mounted  In  the  WSC  7  3/4  x  11  ifoot  ! 

low  speed  atmospheric  wind  tunnel  at  sea  level  density,  'il  shake  1 
test  was  conducted  to  determine  natural  frequencies  and  n<ne 
lines  of  the  first  three  modes  prior  to  the  actual  fluttai^  test. 

.  ■  f 

The  range  of  wing  tip  rotational  stiffness  levels  ta^ed 
had  nagllglble  effect  on  the  flutter  speed,  A  wing  tip  drslflec- 
tion  of  50°  and  empty  fuel  loading  gave  the  lowest  flutter'  speed. 

In  genei’al  flutter  speed  Increased  with  increased  fuel  loading. 
Increased  rotational  stiffness  at  the  hinge  and  decrease  l^i  tip 
deflection.  In  any  configuration,  the  minimum  flutter  raarj^ln  :< 

obtained  was  approximately  |  ; ' 
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■15  SCALE  SUBSONIC  VERTICAL  TAIL 


Various  root  support  stiffness  magnitudes  and  distribution^ 
were  investigated  using  a  .15  scale  model  of  the  canted  hinge  ,i 
configuration  of  the  vertical  tall. 

The  model  was  constructed  of  ^I.51hs/ft3  density  solid  styro¬ 
foam  whose  thicicness  at  any  point  in  the  planform  simulated  full 
vbendlng  stiffness .  The  mass  distribution  of  the  model 
aiati^Iked  full  scale  total  mass  at  sea  level  conditions.  In 
•aomie.  aeotions  near  the  root,  the  model  was  slightly  overweight 
tha  effects  on  flutter  speed  should  be  very  small.  The 
mod65l,,j(a3  built  to  a  .15  geometric  scale  and  a  .2  speed  scale. 

Lateral  stiffness  of  the  upper  and  lower  hinges  and  the 
actuator  point  were  simulated  by  small  cantilevered  beams.  Thdse 
springs  were  calibrated  dynamically  by  attaching  a  known  mass 
on  the  spring  and  recording  the  free  vibration  on  an  oscillograph 
to  allow  accurate  determination  of  the  spring  constants.  Root 
spring  constants  simulated  were  as  follows: 


LOCATION 

Upper  Hinge 
Lower  Hinge 
Actuator 


MODEL  SCALE  ‘L65/1N 

498.5  236.8  85.5 
986  637.9 

63.1  19.9 


PULL  SCALE  -  Lt>S/IK 

84,083  '38,467  14,250 

164,333  106,317 
10,517  3,317 


Prior  to  the  actual  flutter  test  of  each  configuration,  a 
shake  test  was  conducted  to  determine  natural  frequencies  and 
node  lines  of  the  first  three  modes.  The  flutter  tests  were 
conducted  in  the  WSC  7  3/4  x  11  foot, low  speed, atmospheric  wind 
tunnel  at  sea  level  density. 

The  flutter  tests  showed  that  actuator  stiffness  is  rela¬ 
tively  unimportant.  Decreasing  the  actuator  stiffness  improved 
bending-torsion  frequency  ratios  slightly  resulting  in  a  small 
increase  in  flutter  speed  ,  It  further  showed  that  tha  largest 
increments  in  flutter  speed  were  obtained  by  increasing  the  stiff¬ 
ness  of  the  upper  hinge  point.  In  all  configurations  tested  but 
one,  the  flutter  frequency  fell  between  the  zero  air  speed  fre¬ 
quencies  for  second  bending  and  first  torsion. 
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.06  SCALE  STIFF  WING  WITH  FLEXIBLE  ELEVONS 
AND  .go  SCALE  STIFF  CANARD  WITH  FLEXIBLE  FLAPS 


The  purpose  of  these  models  was  to  check  required  elevon 
and  flap  rotational  frequencies  to  prevent  single-degree 
control  surface  rotational  flutter  at  low  supersonic 
speeds.  The  tests  were  conducted  in  TVfT  on  2  February 
1969  through  4  February  1959  for  48,2  test  hours  for  the 
elevons  and  on  4  February  195^  through  8  February  1959 
for  3**-0  test  hours  for  the  flaps. 

On  the  basis  of  two-dimensional  supersonic  linearized 
oscillatory  aerodynamic  theory  it  can  be  shown  that 
singe-degree  supersonic  control  surface  rotation  flutter 
is  independent  of  the  percent  chord  location  of  the  hinge 
line.  This  leads  to  a  theoretical  flutter  boundary  in 
a  plot  of  versus  Mach  number  which  is  applicable  to 

all  hinged  control  surfaces  in  two-dimensional  linearized 
flow.  Figure  30  shows  this  boundary  and  some  experimental 
flutter  points  obtained  in  flight  tests.  Since  the  theory 
indicates  that  instability  occurs  when  the  flutter  fre¬ 
quency  is  below  a  certain  critical  value  (depending  some¬ 
what  on  the  Mach  number)  it  can  be  seen  that  this  type 
of  flutter  bejcomes  more  critical  as  the  altitude  is  increased 
as  a  result  of  decreased  flutter  frequencies  due  to 
decreased  aerodynamic  stiffness. 

Test  conditions  were  selected  in  accordance  with  the  theo¬ 
retical  predictions  in  that  the  control  surface  mass  ratio 
was  chosen  so  that  the  tunnel  density  range  corresponded 
to  an  area  in  the  flight  envelope  extending  downward  from 
the  upper  boundary  over  the  range  of  Mach  numbers  from 
1.0  to  3.5  and  hinge  flexures  were  tuned  to  provide  several 
rotational  frequencies  ranging  downward  from  the  theo¬ 
retical  requlreiuent .  Conditions  covored  are  shown  in 
Figures  31  and  '^2^ 

Flutter  vias  not  obtained  for  any  stiffness  value  tested 
even  though  the  most  flexible  configuration  should  have 
had  a  flutter  frequency  approximately  equal  to  40^  of  the 
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theoretically  required  value  for  neutral  stability  on 
the  basis  of  a  detailed  flutter  analysis  for  the  elevens^ 
and  an  even  lower  percentage  for  the  flaps.  These 
results  are  not  considered  conclusive  in  view  of  the 
instabilities  obtained  in  actual  flight  teats  of  earlier 
airplanes.  This  discrepancy  between  model  and  full 
scale  test  results  may  be  due  to  relatively  low  model 
Reynolds  numbers,  shocks  reflected  from  the  porous  walla 
of  the  test  section  or  even  to  the  possibility  that  the 
full  scale  phenomenon  may  have  been  transonic  buzz 
dependent  on  shock  and  boundary  layer  conditions.  Regard¬ 
less  of  the  explanation,  B-70  elevens  and  flaps  will 
continue  to  be  designed  to  the  theoretically  required 
stiffness  since  no  weight  penalty  is  involved  for  reason¬ 
able  configurations  and  a  fairly  high  level  of  stiffness 
is  required  to  prevent  coupled  flutter  Involving  the 
control  surfaces. 
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COMPLETE  MODEL  TEST 


Flutter  trends  were  established  by  means  of  thirteen  runs 
of  the  B-70  complete  airplane  configuration  with  variations  in 
fuel  loading  and  tip  deflection  about  the  79^  semi-span  fold 
1  ine . 

The  model  was  constructed  of  styrofoam  and  iaovood.  The 
wings  were  made  of  solid  styrofoam  with  the  thickness  at  any 
point  in  the  pianform  scaled  to  simulate  full  scale  bending 
stiffness.  The  fuselage  was  constructed  of  styrofoam  and  isowoodj 
Isowood  was  used  as  a  stiffener  In  areas  where  styrofoam  alone 
would  become  to  thick  to  maintain  the  goemetrlc  shape.  The 
vertical  tall  did  not  simulate  stiffness  but  was  of  the  correct 
geometric  shape.  The  complete  airplane  model  was  constructed 
to  a  .06  geometric  scale  and  a  1/6  speed  scale. 

These  tests  were  conducted  in  the  WSC  7  3/^  x  11  foot  low 
speed  atmospheric  wind  ttinnel  at  sea  level  density. 

A  shake  test  was  conducted  to  determine  natural  frequencies 
and  node  line  locations  of  the  first  four  or  five  symmetric  and 
anti- symmetric  modes  before  flutter  testing  the  configurations. 

Due  to  the  static  divergence  tendency  induced  by  the  suspension 
system,  the  horlsontal  stabilizer  was  removed  and  replaced  with 
an  equivalent  weight.  In  oases  whex’e  flutter  was  obtained,  the 
flutter  frequency  foil  near  the  zero  air  speed  frequencies  for 
fuselage  vertical  bending  or  wing  bonding  indicating  the  impor¬ 
tance  of  these  modes  In  detemlng  the  flutter  speeds. 

These  tests  v/ere  conducted  on  the  -44c  configuration,  Sub- 
seqiient  to  these  tests  the  -70A  configuration  has  evolved  with 
a  shortened  and  stlffer  forward  fuselage. 
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.10  SCALE  TRANSONIC  WING 


This  model  slmul|(|ied  the  -44  C  configuration.  Three  Iden-, 
tlcal  cantilever  models  were  constructed  with  0“  tip  deflection. 

The  stiffness  of  the  wings  was  scaled  to  simulate  a  Mach 
number  of  1.05  at  sea  level,  with  the  stiffness  reduced  by  a 
factor  1/1.32,  so  that  in  the  event  flutter  occurred  at  con¬ 
ditions  corresponding  to  the  flight  boundary,  the  required 
margin  would  be  demonstrated  at  the  correct  mass  ratio. 

The  models  were  constructed  of  a  styrofoam  core  covered 
with  aluminum  sicins  of  various  thicknesses,  consistent  with 
full  scale  construction.  The  Joints  of  the  skins  were  over¬ 
lapped  and  secured  with  glue.  Subsequent  tests  of  this  glue 
showed  it  to  be  flexible  which  was  indicated  by  the  shake  test 
frequencies  being  too  low  by  23^. 

This  test  was  conducted  at  TWT  on  3/2/59  through  3/3/59 
for  seven  test  hours. 

The  purpose  of  the  test  was  to  determine  the  variation  of 
flutter  characteristics  with  Mach  number  in  the  transonic 
region.  Flutter  was  not  obtained  and  large  margins  were  demon¬ 
strated. 


S£C8£I 


■ 


■¥»  H  •  K  »  A  • 

North  American  Aviation.  Inc. 

54  ' 

CNK^KCOSTi  H  «H  *S  * 

SECRET 

na-59-1736- 

RtRORT  HO. 

OAT..  11-30-59 

XB-70 

.10  SCALE  TRANSONIC  WING 


These  models  are  the  same  as  the  previous  .10  scale 
transonic  wings  except  as  modified  to  incorporate  25°  and 
50°  wing  tip  deflection.  The  purpose  of  the  tests  was  to 
Investigate  the  effect  of  wing  tip  deflection  on  flutter 
speeds  at  a  low  supersonic  Mach  number.  Tests  were  conducted 
at  M  =  1.10  with  variable  tunnel  density  in  TWT  on  4/21/59 
through  4/23/59  for  33  test  hours.  Static  air  loads  des¬ 
troyed  the  model  with  50°  tip  deflection  and  flutter  was  not 
encountered  for  either  the  0°  or  25°  tip  deflection  models. 
Prom  indications  of  the  approach  to  flutter  for  0°  deflection 
it  may  be  concluded  that  25°  deflection  causes  no  appreciable 
reduction  in  flutter  speed.  Very  large  margins  were  demon¬ 
strated. 
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,20  SCALE  TRANSONIC  VKRTICAL  TAIL 


Thrae  Identical  models  of  the  vertical  tail  were  constructed 
simiilating  the  -44c  configuration  including  root  flexibility. 

The  model  was  constructed  of  a  styrofoam  core  with  alumi¬ 
num  skins,  the  same  tyije  of  construction  as  was  used  for  the 
.10  scale  transonic  wings.  Comparison  of  shake  test  resiilts 
and  other  vertical  stabilizer  models  has  Indicated  that  these 
models  were  too  flexible,  i.e.,  the  fretjuencles  were  lower  than 
required  by  design  model  factors  by  approximately  14-1/2  per 
cent  as  a  result  of  excessive  glue  joint  flexibility.  Since 
mass  parameters  were  correct,  this  lower  stiffness  level  still 
provides  full  usable  data. 

Six  flutter  points  were  obtained  during  the  test.  As  ob¬ 
served  with  high  speed  motion  picture  photography,  the  flutter 
mode  was  first  bending-first  torsion  with  a  large  torsion 
component . 

The  shapes  of  the  flutter  boundary  curve  and  the  T.W.T, 
operation  characteristic  curve  led  to  flutter  at  several  points 
during  a  blow.  The  changing  tunnel  conditions  removed  the 
model  from  a  flutter  range  before  model  damage  occurred.  The 
maximum  density  flutter  point  obtained  in  each  case  then  caused 
model  damage. 

The  test  was  condxicted  in  TWT  from  3/4/59  thi’ough  3/3/59 
for  30  test  hours. 

Prom  this  test  it  was  concluded  that,  for  the  configuration 
tested,  an  Increase  of  10^  in  torsion  stiffness  would  be  required 
in  the  midspan  region  in  order  to  provide  the  reqxilred  margin 
of  safety. 
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Flutter  trends  were  established  by  means  of  a  total  of 
twenty-four  runs  of  the  B-70  horizontal  stabilizer  with  varia¬ 
tion  in  pitch  and  yaw  stiffness,  flap  locked  and  \mlocked,  and 
angle  of  incidence. 

The  1/5  geometric  scale  model  with  a  1/6  velocity  scale, 
was  constructed  of  solid  styrofoam  with  the  thickness  at  any 
point  in  the  planform  scaled  to  simulate  full  scale  bending 
stiffness.  The  flap  was  free  to  rotate  about  its  hinge  line 
hinges  which  were  constructed  so  that  the  flap  could  be  locked 
in  position  also.  Flap  actuator  stiffness  was  slmifLated  by  a 
pair  of  spi’lngs  attach.ed  to  a  wheel-type  ring  at  the  end  of  a 
cy3  Jj-drl 'a.  tube.  I’he  model  mass  simulated  full  scale  mass 
data. 


Pitch  stiffness  and  yaw  stiffness  was  simulated  by  small 
cantilevered  beam  springs.  The  springs  were  calibrated  dynam¬ 
ically  by  attaching  a  Icnown  mass  on  the  spring  and  recording  the 
free  vibration  on  an  oscillograph  record  for  each  length  of 
spring. 

A  shake  test  was  conducted  to  determine  natural  frequencies 
and  node  lines  of  the  first  four  symmetric;  and  aiitl-symmetrlc 
modes  prior  to  the  actual  flutter  test  of  each  configuration. 
These  tcjsts  were  conducted  in  the  W3C  7  3/^*^  ^  H  foot  low  speed 
atmospheric  wind  tunnel  ai;  sea  level  density. 

These  tests  demonstrated  adequate  margin  for  all  configura¬ 
tions  except  those  including  ujilocked  flajis  and  indicated  that 
furtJier  study  was  required  to  optimize  the  design  for  adequate 
mai’gln  with  respect  to  the  300  KIAS  limit  speed  for  the  flaps 
unlocked  case. 
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